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Abstract 
The aim of this study focused on identifying oflignocelluloses biomass bio-oil, as well as its performance as a wood preservative 
for preventing subterranean termites Coptotermes curvignathus Holmgren attack. The source of lignocelluloses biomass bio-oil 
was Laban wood and carbonization process used three temperatures i.e. 350, 400 and 450qC. Identification compounds were 
performed under Gas Chromatography and Mass Spectrometry (GC-MS). The concentration of lignocelluloses biomass bio-oil 
was 5, 10, and 15%. The result showed that lignocelluloses biomass bio-oil on concentration 5 % with carbonization temperature 
400 and 450qC caused 100% mortality of termites. Mean of wood consumption was 5.65~10.89 %. The component in 
lignocelluloses biomass bio-oil was acetic acid and the other main component were 2-propanone, methanol, 2-propanone1-
hydroxy-(acetol), 2-furancarboxaldehyde, phenol, 2-methoxy-, phenol, 2,6-dimethoxy-.The lignocelluloses biomass bio-oil from 
Laban wood has antitermites properties and a potential to be used as new natural bio preservatives in wood industries. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility ofthe SustaiN conference committee and supported by Kyoto University; (RISH), 
(OPIR), (GCOE-ARS) and (GSS) as co-hosts. 
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1. Introduction 
Wood preservatives need a new compound, which is environmentally friendly and less chemical. Chemical 
control has been successful in preventing both fungi and termite attack, however, because of toxicity, risk of human 
health and the environment, the uses of these chemicals have also been restricted [1,2]. Lignocelluloses biomass bio-
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oil, which is also called as pyroligneous acid or wood vinegar, is a product has potential source of valuable 
chemicals by processing of high temperature carbonization of lingocellulosic biomass with the absence of oxygen 
[3,4]. Because of complex structure and chemical composition, lignocelluloses biomass bio-oil may be a potential 
source as antimicrobial, antifungal and termicidal activities [1,5,6,7,8]. Lignocelluloses biomass bio-oil obtained 
from many different sources of wood has been used new wood preservative against biological degradable [1,3,9,10]. 
Lee et al. [3] have reported that two kinds of lignocelluloses biomass bio-oilmade from bamboo and mangrove 
trees exhibited high antifungal activities against both mold and decay fungi. Recently, Oramahi & Yoshimura [4] 
have shown that the lignocelluloses biomass bio-oil obtained from Laban wood exhibited termiticidal activities 
against Reticulitermes speratus and Coptotermes formosanus in vitro. Termiticidal activity was evaluated by a no-
choice test and a choice test.  It shows that the lignocelluloses biomass bio-oil can act as an antifungal and anti-
termite agent. The lignocelluloses biomass bio-oil obtained from Giant Cane (Arundodonax L.) is effective as wood 
preservative [9]. Sunarta et al [10] stated that bio-oil  from  palm fruit shell has potential as a wood preservative. 
They stated bio-oil  exhibited termicidal activities against Coptotermes spp. and inhibited the growth of blue stain 
fungi on both Pine (Pinus merkusii) and Sengon (Paraserianthes falcataria) wood. 
We provide a follow-up result of the previous study with lignocelluloses biomass bio-oil from laban wood in this 
study. The objective of the research were to produce and identify of lignocelluloses biomass bio-oil, as well as its 
evaluation as a wood preservative for preventing subterranean termites C.curvignathus Holmgren attack. 
2. Material and Methods 
2.1. Termites Collection and Identification 
 
Subterranean termites were obtained from the arboretum Forestry Faculty Tanjungpura University. Termite 
colony was found on Acacia trees. Another termite colony was maintained in Laboratory of Wood Preservation 
Forestry Faculty Tanjungpura University. The termites were then identified under microscope, using the 
identification of termites book [15].  The identification consist of size of termites head, size of termites mandible 
and size of termites body. The special identification is the defensive secretions from termites Coptotermes 
curvignathus, which is exudates from termites’ head pore. 
 
2.2. Pyrolysis and identification of lignocelluloses biomass bio-oil  
 
The source of lignocelluloses biomass bio-oil was Laban wood (Vitexpubexcens) and carbonization process used 
three temperatures i.e. 350qC, 400qC and 450qC [4]. Identification of all lignocelluloses biomass bio-oil, which were 
produced at temperature of 350, 400 and 450qC components were analyzed on gas chromatography-mass 
spectrometry (GC-MS) system [11, 12], which included a model Shimadzu QP-210S (Shimadzu Manufacturing Co. 
Ltd, Kyoto, Japan). The capillary column (30 m x 0.25 mm inside diameter) and injector temperature of 225 qC. The 
temperature in GC-MS program ranges from 50 C to 225 qC and increases around 10 qC per minute. The flow rate 
of helium was held at 88.3 mL/min. The MS was operated in electron ionization mode at 70 eV and the interface 
temperature was maintained at 225 qC. The peak was confirmed by comparison with a standard in library data. 
 
2.3. Wood Preservation 
The Acacia mangium (akasia) wood was used as anti-termites test.  Retention of Akasia wood was measured 
using method of Diba et al [13]. Wood preservation was using dipping methods. Sapwood blocks of wood 
measuring 10 mm (T) × 10 mm (R) × 20 mm (L) were used as the food source for termites. All lignocelluloses 
biomass bio-oil which were produced at temperature of 350, 400 and450qC were used for  the test. The 
concentration of lignocelluloses biomass bio-oilwas 0.0,5.0, 10.0, and 15.0% (v/v). The akasia wood was dipping 
for 48 hours and then air dried for 24 hours before tested on termites. 
Wood preservation method [13,14] was to evaluate the termiticidal activity of the lignocelluloses biomass bio-oil. 
The glass bottle with volume of 180 cm3, 4.5 cm in diameter and 11.5 cm in height was used as a container. 30 
grams of sand sieved through 20 meshes was filled in the bottle and moistened with 6 ml of distilled water. One of 
each block was buried in the sand of glass bottle. 220 termites, thereof 200 workers and 20 soldiers were introduced 
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into the bottle. Each bottle was plugged with cotton wool and kept in the dark under ambient room condition for 21 
days. After 21 days, wood blocks were taken out from the containers, cleaned and oven-dried and reweight to 
determine percentage weight loss from the equation: 
 Weight loss (%)  =  (W1 – W2) / W1 ×  100         (1) 
Where, W1  : weight of wood block before exposure to termite 
             W2  : weight of wood block after exposure to termite 
 
Number of dead termites was recorded at the end of the test. Mortality test was determined from the equation : 
 Mortality (%)  =  (N1 – N2) / N1 ×  100         (2) 
Where, N1  : number of initial workers 
             N2  : number of dead workers 
 
2.4. Statistical Analysis 
Analysis of anti-termites test data [4] was done using factorial 3 by 4 in a completely randomized design: the 
first factor was pyrolysis temperature of lignocelluloses biomass bio-oil (350, 400, and 450 °C), and the second 
factor was concentration of wood vinegar (0, 5.0, 10.0 and 15.0%, v/v). The means were separated using Tukey’s 
highly significant difference (HSD) test at p = 0.05. The comparison was employed to evaluate the differences in 
percent mortality and mass loss in the termiticidal activity test. All data were analyzed using Statistical Product and 
Service Solutions software (SPSS version 20.0). 
3. Results and Discussion 
3.1. The component of lignocelluloses biomass bio-oilfrom Laban Wood  
The GC-MS Chromatograms of compounds in in the lignocelluloses biomass bio-oil with pyrolisis temperature 
350, 400, and 450oC  has 33, 33, and 27 chemicals component in presented in Figs. 1, 2, and 3. The result from GC-
MS analysis showed that the relative percentage quantities of the compoundsidentified by GC-MS in the 
lignocelluloses biomass bio-oilat pyrolisis temperature of 350oC, 400oC and 450 oC are sumarized in Table 1-3. 
Overall, predominant component lignocelluloses biomass bio-oilwere 2-Propanone, methanol, 2-propanone 1-
hydroxy-, acetic acid, phenol, 2-methoxy-, and phenol. Similar results were obtained by Oramahi et al. [12]. 
 
 
 
Fig.1 GC-MS Chromatograms of compounds in in the lignocelluloses biomass bio-oil with pyrolisis temperature 350 oC 
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Fig.2 GC-MS Chromatograms of compounds in in the lignocelluloses biomass bio-oil with pyrolisis temperature 400 oC 
 
 
 
 
 
Fig.3 GC-MS Chromatograms of compounds in in the lignocelluloses biomass bio-oil with pyrolisis temperature 450 oC 
 
 
Table 1. Relative percentage quantities of the compounds identified by GCMS in the 
lignocelluloses biomass bio-oil with pyrolisistemperature 350oC 
No RT Lignocelluloses Biomass Bio-oil Area 
1 
2 
3 
4 
5 
6 
 
2.615 
3.072 
10.964 
13.357 
19.181 
20.704 
2-Propanone 
Methanol 
2-Propanone, 1-hydroxy- 
Acetic acid 
Phenol, 2-methoxy- 
Phenol 
 
2.82 
26.79 
6.38 
29.09 
2.32 
2.38 
 
 
Table 2. Relative percentage quantities of the compounds identified by GCMS in the 
lignocelluloses biomass bio-oil with pyrolisistemperature 400oC 
No RT Lignocelluloses Biomass Bio-oil Area 
1 
2 
3 
4 
5 
6 
 
3.077 
10.968 
13.368 
13.799 
19.178 
24.424 
Methanol 
2-Propanone, 1-hydroxy- 
Acetic acid 
2-Furancarboxaldehyde 
Phenol, 2-methoxy- 
Phenol, 2,6-dimethoxy- 
 
28.77 
5.74 
27.91 
3.95 
4.16 
2.98 
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Table 3. Relative percentage quantities of the compounds identified by GCMS in the 
lignocelluloses biomass bio-oil with pyrolisistemperature 450oC 
No RT Lignocelluloses Biomass Bio-oil Area 
1 
2 
3 
4 
5 
6 
 
3.078 
10.973 
13.387 
13.799 
19.180 
24.433 
Methanol 
2-Propanone, 1-hydroxy- 
Acetic acid 
2-Furancarboxaldehyde 
Phenol, 2-methoxy- 
Phenol, 2,6-dimethoxy- 
 
34.43 
4.10 
25.06 
4.13 
4.27 
3.49 
 
3.2. Wood Preservation 
Retention of Akasia wood at different temperatures of pyrolysis and concentrations of Lignocelluloses Biomass 
Bio-oilare are sumarized in Table 4. 
 
Table 4.Retention of Akasiawood at different temperatures of pyrolysis and 
concentrations of Lignocelluloses Biomass Bio-oil 
Treatment Retention (g/cm3)a 
Carbonization Temperature Concentration (%) 
350oC 5 0.0051 ± 0.0005 a  
 10 0.0050 ± 0.0004 a 
 15 0.0046 ± 0.0003 a  
400oC 5 0.0091 ± 0.0006 bc 
 10 0.0097 ± 0.0009 bc 
 15 0.0081 ± 0.0006 c 
450 oC 5 0.0124 ± 0.0008 d 
 10 0.0143 ± 0.0018 e  
 15 0.0147 ± 0.0013 e 
Control 0.0000 ± 0.0000 f 
  
aMeans (n= 5) ± SD. Numbers followed by different letters (a–f) are significantly 
different at the level of P <0.05 according to Tukey’s test. 
 
Statistically, there was significant difference in the retention of Akasia wood and in different  temperature of 
lignocelluloses biomass bio-oil in this study. On the other hand, overall there was no significant difference in the 
retention of Akasia wood  and in different concentration of lignocelluloses biomass bio-oil, exception for the 
temperature of lignocelluloses biomass bio-oil was 450 oC.  For the temperature of 450 oC, the retention Akasia 
wood was increased in accordance with the incresed concentration of lignocelluloses biomass bio-oil. In this study, 
the results showed that the highest retention of Akasia wood found at a pyrolysis temperature of 450oC with 
concentration of lignocelluloses biomass bio-oil  of 15% was  0.0147 g/cm3. 
Termites mortality and Akasia wood weight loss of efficacy test of lignocelluloses biomass bio-oilare are 
sumarized in Table 5. 
 
          Table 5. Termites Mortality and Wood Weight Loss of Efficacy Test of Lignocelluloses Biomass Bio-oil 
Treatment Termites 
mortality(%)a 
Wood Weight Loss 
(%)a Carbonization Temperature Concentration 
350oC 5% 98.40 ± 3.58 a 9.79 ± 2.91 ab 
 10% 92.80 ± 16.10 a 8.94 ± 2.55 ab 
 15% 95.60 ± 9.84 a 9.61 ± 2.90 ab 
400oC 5% 100 ± 0.00 a 9.76 ± 1.69 ab 
 10% 100 ± 0.00 a 10.89 ± 1.79 b 
 15% 100 ± 0.00 a 9.35 ± 1.29 ab 
450 oC 5% 100 ± 0.00 a 5.65 ± 1.48 a 
 10% 100 ± 0.00 a 8.91 ± 1.32 ab 
 15% 100 ± 0.00 a 7.24 ± 0.82 ab 
Control 39.20 ± 14.46 b 20.89 ± 5.57 c 
   
aMeans (n= 5) ± SD. Numbers followed by different letters (a–c) are significantly different at the level of P 
<0.05 according to Tukey’s test. 
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Statistically, there was no significant difference in the termites mortality between the temperature of pyrolysis 
and concentration of lignocelluloses biomass bio-oil in this study. These results are similar with the Yatagai [8] 
reported the acetic acid which largest component exhibited high termiticidal activites against Reticulitermes 
speratus. The lignocelluloses biomass bio-oil from palm fruit shell has potential as a wood preservative for 
preventing drywood termites and blue stain fungi attack [10].  Temiz et al [9] reported that bio-oil from Gient cane 
has high termicidal activities againnst R. plavipes. They stated that bio-oil compounds were acids, ketons, furans, 
benzenes, phenols, sugars, guaiacols, and multifunncional compounds. 
On the other hand, there was significant difference in the Akasia wood weight loss (Table 4). Weight loss of 
Akasia wood, which preserve with lignocelluloses biomass bio-oil from laban wood was range between 5.65-
10.89%.  Dibaet et al.[13] demonstrated the termiticidal activity of lignocelluloses biomass bio-oil from wood 
wastes with resulting average weight loss between 6-20%. This study has a similar result with previous research, 
although the wood vinegar was made from different material. The chemical component in lignocelluloses biomass 
bio-oil might  be responsible for preventing termites attack on wood. 
 
4. Conclusions 
 
The lignocelluloses biomass bio-oilfrom Laban wood is effective as wood preservative against C. Curvignathus. 
The highest termites found at a pyrolysis temperature of 400 and 450oC with all concentration of lignocelluloses 
biomass bio-oil. GC-MS analysis on the lignocelluloses biomass bio-oil  from Laban wood showed that predominant 
component lignocelluloses biomass bio-oil were 2-Propanone, methanol, 2-propanone 1-hydroxy-, acetic acid, 
phenol, 2-methoxy-, and phenol. 
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